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UNITED STATES PATENT 

Tli invention relates generally te electrical 
appratus and more particularly to a radio fre- 
uency :antenna whose horizontal pattern is ïree 
Of..deep nulls and has only relatively small di- 
rectivity. 
For certain purposes it as desirable fo radiate 
radio frequency energy equally in all directions. 
That as .te say, although there are .advantages in 
antenna directivity for certain purposes, for 
other purposes it as quite undesirable. If is 
sometimes desirable that equal signal strength 
be emanated frein .a radiating element in every 
direction. For example, it might be expedient 
for a hovering-aircraft te transmit radio fre- 
quency energy t0 fixed receiving stations. Such 
a plane, in cruising about, would bave frequently 
te Change direction in order n0t te fiy away rom 
the zone of ifs operationç If ifs antenna system 
weré directive, movements of the plane would be 
felt ïn certain receiving apparatus as changes in 
signal stréngth and Sometimes as complete dis- 
appearanCe Of the signal. In effect there would 
be a kind of amplitude modulation superimposed 
up0n the transmitted signals. 
One type of antenna Which might seem te have 
the proper ferre of radiation pattern as a quarter 
wavelength dipole protruding frein the bottera Of 
the aircraft and pointing toward the ground, it 
would, except for distortion due te reflections 
frein the aircraft, radiate energy equa]ly in all 
directions in the horizontal plane. However, 
since the energy polarization of this antenna as 
vertical, its use might n0t always be appropriate 
if the antenna systems of most receivers, asso- 
iated with such a transmitting-plane, were hori- 
zontally polarized. 
ItiS an object of this invention te provide an 
antenna having a radiation pattern of relatively 
small dirèctivity and Without deep .nulls in a 
plane that may be considered horizontal and as, 
in fact, a plane periendicular te the axis of the 
main e]ement of this antenna. It as also an ob- 
ject f this invention that this antenna effet a 
favorable impedance match for efficient power 
transfer frein ordinary feed lines. It is a fur- 
ther object of this invention that this antenna 
may be conveniently used te radiate horizontally 
polarized waves. It as a further object of ths 
invention that this antenna .be adjustable for 
best operation at any particular frequency with- 
in a hand of frequencies. 
Generally, this invention comprises a substan- 
tially tubular structure conductive over af least 
its oUter surface except for What may be a non- 
oondctive strip rurming the léngth Of the sruc- 
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ure with its axis Substntiay èoçlnar wih 
aS 6f the tube. The Widh f his stti9 iS smali 
by comparison Wïth ifs length. e interrptïon 
in the continUity 0f conduetivity of the 0uter 
 surface may take the f0rm of a physical plit, or 
slit, cut frein the tubular structure (ïn the 10ca- 
tion descried above) and partiularly se if sheët 
metal Js used te ferre this conductive element. 
Ts split ubular Structure is fed With radio 
10 requency energy applied fr0m Suitablè trans- 
mission-line meanS at sCeted poin 0n each 
Side of the slit and therebY commufiiCad by 
way 0f the .edges 0f thé slit te sbstaGh]ly 
of said-outer Conductive SfnCe. 
1 eondutive Surface radiates said èletr0magnCic 
energy Wih its eletric véèr polai2e- 
plane, or plnes, ubsaniily i'pedïCflli- te 
the as Of id %ùbular dlement. 
Other .objCtS featues and .dvantages 
20 inveni0n wilt uggest themsèlveS t0 thbse Mltèd 
in the art .and Will bCÙme apparent .frm %he 
fol]owing desc9ïpin of the inventiofl takën ïn 
C0nnC$i0n With thWsini figurWof the acc0ni- 
panng dtawin in Whïh: 
25 e figure is :a.n isomètric view of one embodi- 
ment of this Vëntion. 
Referrg new more particularly te the figure, 
split cylindricat struc%ure , in this emb0dimen 
of the invention, as comsed of tn conductive 
30 material wch may be sheetmetal. If mlght be 
formed by bending a rectangular pièCe 0 shee 
metal t0 a Substantially CYlinicai shape 
until two opposite edges 0f thè originally rec- 
tangular piece of metal are brought together Se 
35 as nearly te touch and te ï0rm, between em, 
narrow slit whose aXiS is coplanar wih the axes 
of thWcylinder. 
0ne ènd of this ylindal structure abuts 
ainSt and as attached  a fiat en piec 
40 hich may bè another Piece of similar C0ndflc- 
tïve sheet metal. at lènt  may be sRe - 
cialty selected for the purp0se and aed te 
stcture , or if my, in effet, be furshed 
som portion of thWbott0m surface of %he air- 
4 craft which as a conductive surface or as coated 
with a c0nductive mrial and as thë part of :thé 
aircraft on Whieh this antenna as instailed. 
at eiement  pèformS a mechanica] funCtion 
in adding te the rigity of cylindrcai strUourè 
50 . Bside this, it may s0mtès also havWan 
élctrtcal funCtion and affCt the bhavi0r 0f 
radiating element. It may d0 this, in parfiCular, 
by Sometimés srvin as a shrting lemnt 
acros ofle end of thë open slit. Howevêr, it 
5 be seeA that this êietricai iuctCn my b pe 



formed by a separate additional element which 
is employed to make flfis antenna tunable. Co- 
axial transmission line 3, having an outer con- 
ductor  and an inner conductor § may be led 
fo the inside of cylindrical structure  by coming 
flrough fiat element 2 through a hole in it situ- 
ated near an edge of slit 6. When the feed line 
is installed in this manner, it may be led along 
said edge to the opposite end of said edge (fo the 
place where structure  remains open as shown 
in the figure). Outer conductor 4 may be me- 
chanically and electrically connected fo this edge 
of slit 6 either along ifs full length or af its above 
described end. In this embodiment, and particu- 
larly as shown in the figure, this connection ix 
ruade at said above described end and is shown 
in the figure as a small, solidly inked-in area at 
this point of connection. Inner conductor  ex- 
tends beyond outer conductor 4, at thts point, 
and ls bent over and electrically joined fo the 
opposite edge of the end of slit .6. Shorting bar 
7 is adapted to slide between, and fo bave good 
electrical contact with the edges of slit 6, thus 
short circuiting those edges ai any point where 
if is positioned. Conventional types of spring 
contactors may be used and incorporated into 
shorting bar 7, or if may be designed as a clamp- 
able element which, at wfll, can be mechanically 
loosened, positioned, and retightened. 
The length of slit 6 should be somewhat greater 
than one-half of one wavelength corresponding 
to the lowest intended operating frequency. For, 
while the velocity of propagation along slit 6 
may, in occasional cases, happen to be exactly 
equal to the speed of light, if more often will 
vary so as to be either somewhat less or some- 
what greater than that velocity. In most cases, 
the physical length of this slit, therefore, will be 
somewhat different than its electrical length, and 
sometimes if wfll be greater. Generous propor- 
tioning as to the length of the slit is advisable 
in order to give due allowance fo this fact. In 
actual operation the whole length of slit 6 need 
not be used and the short circuiting bar may be 
set at a point on if which is distant from the 
feed point by an electrically effective hall wave- 
length. By generous proportioning it will be 
possible to make this adjustment even if the 
velocity of propagation along the slit is greater 
than the speed of light. 
If has been round empirically that the approxi- 
mate circumference of the tubular element should 
be of the order of one whole wavelength in space. 
It is likely that reactance loading effects in- 
herent in this metallic structure (which can be 
looked upon as a single turn of a wide strip of 
metal) may affect the electrical length measured 
around the outside of the tube between the edges 
of the slit so that the effective electricaI length is 
really quite different than the physical measure- 
ment. But, however that may be, it has been 
determined as a fact that the cylindrical struc- 
ture of conductive sheet metal should have a 
physical circumference about equal fo eight- 
tenths of one wavelength in space which corre- 
sponds fo the lowest operating frequency. 
With proper adjustment of short circuitlng 
bar  this antem]a offers a good impedance match 
fo a low impedance coaxial feed line. 
The foregoing portion of this disclosure has 
indicated some of the controlling facts about the 
structure of this anten]a. The following portion 
is a suggested theory as fo the principles of its 
operation. The R. F. potential difference be- 
tween the conductors of the feed line, when ap- 
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plied between the open ends of the slit, causes. 
a wave to ravel along the slit toward short cir- 
cuitlng bar 7. Thts wave is reflected by the 
" short circuiting bar and, because the attenuation 
5 of the forward and reflected waves is hot very 
great, a standing wave is formed along the slit. 
If the position of short circuiting bar 7 is ad- 
justed properly, the standing wave will include 
one whole voltage loop with voltage nulls occur- 
10 ring at the feed point end of the slit and at the 
short circuited end. Thus tuned the slit presents 
a load of pure resistance to the feed line, and, 
moreover, the value of this resistance is a low 
one which may be of the order of 30 ohms. 
15 The phases of the E. F. potentials at different 
points along the slit will be practically the saine 
even though the potential differences wfll vary 
according fo the standing wave ratio. 
The potential differences existing between the 
20 two edges of the slit will cause E. F. currents 
fo flow arom]d the conductive outer surface of 
the tubular element causing an electric fleld to 
be set up whose lines of force are roughly paral- 
lel fo those currents. As a result, the entire 
25 outer surface wfll radiate R. F. energy which is 
polarized in a plane, or planes, perpendicular fo 
the axis of the tubular element. 
The cylindrical structure acts as though if 
consisted of a number of individual loops pfled 
0 up coaxially and energized in phase. 
By reference to well known facts about the 
behavior of closed loops if could be inferred that 
the horizontal radiation pattern of this device, 
if ifs polarization be termed horizontal for pur- 
;5 poses of convenience, would be rather nondirec- 
tional. 
If has been observed by actual experiment that 
the radiation emitted by this antenna is so dis- 
tributed, in those planes which include the axis 
,. of the tubular structure, that it forms, in those 
planes, radiation patterns which are all substan- 
tially the saine and have the form of a figure $ 
lying on ifs side, that is a figure 8 with its nulls 
lying along the axis of the cylindrical structure. 
The radiation emitted by this antenna is so dis- 
45 tributed in planes at right angles fo said axis, 
planes herein referred fo as horizontal, as fo 
form patterns which vary with the applied fre- 
quency. These patterns are general]y cardiodal 
ai higher frequencies and change gradually so 
0 as to be essentially oval ai lower frequencies. 
This is true even though the short circuiting 
element is readjusted for each change in ïre- 
quency. Ai a«]y frequency reasonably within the 
55 operating range of the antenna if is free of pro- 
nounced nulls in the horizontal plane and gen- 
erally has relatively small directivity. Horizon- 
tal radiation is often somewhat griater in the 
general direction of lines starting ai the axis of 
60 the structure and extendfl]g out of the slit than 
in any of the other directions in "horizontal" 
planes. 
If will be seen that the anterma herein set 
forth wfll radiate energy having horizontally 
65 polarized waves; that it will do so with relatively 
small directivity in the horizontal plane and 
without deep nul!s in the radiation pattern in 
that plane; that it will present a suitable input 
70 impedance; and that if is adjustable for most 
efficient use at various frequencies within a band 
of frequencies. 
If is obvious that there may be deviations 
from the shape and proportions of this device 
as herein described and in the manner of feeding 
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and tuning it without departing from the scope 
and spirit of this invention. 
Accordlngiy all such deviations are claimed 
which fall fairly within the spirit and scope 
of the invention as identified in the hereinafter 
appended claims. 
What is claimed is: 
1. A radio frequency antenna for radiatini 
inergy in a predetermined frequency range and 
polarized in planes perpendicular to the axis of 
its principal comportent with no deep nulls and 
with small directivity in its radiation patterns in 
said planes, said antenna comprising a hollow, 
substantially cylindrical structure having one end 
closed and being conductive over most of 
terior surface and non-conductive over a narrow 
longitudinal strip portion of said surface, said 
strip having edges which are generally coplanar 
with the axis of said structure and having an 
effective length of at least a hall wavelength 
the lowest frequency in said frequency range and 
having at least one electrically open end, said 
cylindrical structure havlng a circumference sub- 
stantially equal in physical measurement to sub- 
stantially eight-tenths of said wavelength, trans- 
mission line feed means having ifs conductors 
electrically connected to conductive points on said 
surface at opposite edges of the open end of said 
structure and means tuning said slit to a half of 
said wavelength, the last-named means compris- 
ing a shorting bar slideable engaging the edges of 
said strip. 
2. An antenna adapted to operate in a prede- 
termined wavelength range, comprising a con- 
ductive sheet generally in the form of a cylinder 
closed af one end and having a narrow slit-like 
opening extending from the open end of said 
cylinder along the length thereof, the edges of 
said opening being substantially parallel and co- 
planar with the axis of said cylinder, the elec- 
trical length of said edges being af least one-half 
the longest wavelength in said range, said cylin- 
der having an effective circumference approxi- 
mately equal to said wavelength, transmission 
line means having its conductors separately con- 
nected electrically to said edges at the open end 
of said cylinder, and means tuning said slit-like 
opening to one-half of said wavelength, the last- 
named means comprising radio frequency short 
circuiting means engaging said edges at one point 
along their length. 
3. An antenna adapted to operate over a pre- 
determined wavelength range, comprising a tu- 
bular structure having an open end, said struc- 
ture being conductive except for a relatively nar- 
row strip extendini loniitudinally aloni said 
structure from said open end, the edges of said 
structure adjacent said strip being substantially 
coplanar with the axis of said tubular structure, 
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the effective length of said strip being equal to 
at least one-half of the longest wavelength in 
said range, the effective distance from one to the 
other of said edges around said structure by the 
5 shortest path being equal to substantially one 
wavelength, transmission line means having its 
conductors separately connected to said edges at 
one end of said strip, and means tuning said 
structure to one-half of said wavelength, the last 
10 named means comprising radio frequency short 
circuitini means connected across said edges at 
one point along said strip intermediate the ends 
thereof. 
4. A broad banal antenna vith a substantially 
15 omnidirectional pattern in a given plane and po- 
larized in the same plane, comprising: a conduc- 
rive sheet in the form of a hollow metallic ra- 
diator having a siit along the length thereof, the 
ratio of the effective electrical length of the 
2O perimeter of said radiator to the length of said 
slit being not more than two to one, radio fre- 
quency transmission means connected fo oppo- 
site edges of said sii af one end thereof, and 
means comprising a shorting element which slid- 
25 ably engages solely the edges of said siit at any 
point thereof for tuning said antenna. 
5. An antenna for operation af a predeter- 
mined freguency with a substantially omnidirec- 
tional pattern in a given plane and polarized in 
3O the same plane, comprising: a conductive sheet 
in the form of a hollow metallic radlator closed 
at one end and having a siit along the entire 
length thereof, the effective electrical peripheral 
length of said hollow radiator at said freuency 
35 being substantially one wavelength, said slit hav- 
ing edges which are generally coplanar with the 
axis of said structure and having a length of at 
least an effective electrical hall wavelength at 
said frequency, radio frequency transmission 
g0 means connected to opposite edges of said slit at 
the open end of said radiator, and means for 
tuning said antenna comprising a shorting ele- 
ment which slidably engages solely the edges of 
said slit af any point thereof. 
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